In this paper, a simple conceptual model is presented to describe the dynamics of total suspended solid (TSS) transport during snowmelt-and rainfall-induced road runoff from a small 
INTRODUCTION
Runoff from urbanised watersheds is often contaminated and should be treated to protect both human health and safety and the quality of receiving waters. The physical, chemical, biological and combined effects that runoff has on receiving waters are different, depending on the climatic conditions, but they seem to be particularly severe during snowmelt and rain-on-snow in cold, alpine and some temperate climates (Marsalek et al. 2003) . The reason for this difference is that precipitation in cold climates can accumulate and stay as snow on the ground for several months, depending on the weather conditions. During this time, the snowpack will store chemicals, solids and other pollutants that also have a higher release during winter months compared to the rest of the year due to, for example, the heating of houses, burning of fuels, starting of cold engines, wearing of tires, wearing of roads due to studded tires and use of anti-skid control agents (Viklander 1997; Marsalek et al. 1999) .
Today, there are a number of operational models used for urban areas which includes routines for snowmelt and pollutant build-up and transport, e.g. SWMM and MOUSE.
As well, there are models initially intended for snowmelt in rural areas, such as the HBV model, which has been used in urban areas (Sand 1990; Matheussen 2004) . A model specially designed for urban snowmelt processes, taking anthropogenic activities into account, was recently developed in Norway (Matheussen 2004) . However, this model is too sophisticated for operational use. The fact that urban snowmelt was not accurately represented in urban hydrology models was pointed out at such meetings as the Third International Conference on Urban Storm Drainage in Gothenburg in 1984 (Bengtsson 1984) , at the Symposium in doi: 10.2166/nh.2008.040 Budapest on the topic "Modelling snowmelt-induced processes" (Bengtsson 1986 ) and the Inter national Conference on Urban Hydrology under Wintry Conditions in Narvik 1990 (Buttle et al. 1990 ). The differences between snowmelt in urban and rural areas and for different runoff conditions during snowmelt-and rainfall-induced runoff were discussed thoroughly by Bengtsson (1984 Bengtsson ( , 1986 Bengtsson ( , 1990 ) and Semadeni- Davies & Bengtsson (2000) . It was further pointed out by and Valeo & Ho (2004) that the different temporal and spatial scales in urban and rural areas makes the temperature-index model unsuited for urban response. However, temperature-index models are commonly included in many software packages used in urban areas today and are considered to provide melt rates with sufficient accuracy for most practical purposes.
In cold climates where traction sand is used for slipperiness control, the loads of total suspended solids (TSS) to receiving water bodies can be extensive and might cause problems for stream health and aquatic life. High TSS concentrations of up to 5000 mg/l during a snowmelt period were reported by Westerlund et al. (2003) . The concentrations of TSS during snowmelt were reported to be five-fold higher compared to rainfall runoff and the concentrations of particle-bound metals were found to be influenced by the concentration of suspended solids (Daub et al. 1994) . The modelling of the snowmelt quality is not as developed as the snowmelt quantity modelling (Marsalek et al. 2000) . Attempts to model urban snowmelt quality dates back to the early 1970s and progress has been made in conjunction with, for example, the US EPA Stormwater Management Model (Hubert and Dickinson 1992) and in the form of independent model algorithms (Bartosova & Novotny 1999). To decrease impacts from road runoff in cold regions, it is important to understand the dynamics of pollutants and then use this knowledge in models to predict and prevent environmental damage.
OBJECTIVES
The objective of this study is to test an existing model concept included in urban drainage software (MOUSE RDII and MOUSE TRAP) commonly used primarily for the dynamics of total suspended-solids (TSS), and consequently the dynamics of road runoff, within a small urban runoff plot.
The reason for this is to see if the applications included in the software model are capable of describing the TSS transport accurately during snowmelt-and rainfall-induced runoff.
RUNOFF PLOT DESCRIPTION
The small runoff plot is situated at Sö dra Hamnleden in the central urban areas of Luleå , consisting of a road with two traffic lanes and a grassed verge besides the road (Figure 1 
MODEL DESCRIPTION
The model of the runoff plot is defined by two different surfaces: the road surface and the grassed area beside the road. When runoff is dominated by snowmelt, only the grassed surface, by assumption, contributes to flow because precipitation that falls as snow on the runoff plot will be ploughed off the road surface onto the grassed surface. When the runoff is dominated by rainfall, only the road surface contributes, as the contribution from the grassed area is deemed to be negligible due to an assumption of permeability. All MOUSE software belongs to DHI, Water, Environment and Health, Denmark.
Runoff
The snow-melting process in the model is based upon a simple temperature-index method where the quantity of snowmelt runoff is proportional to the number of positive degree-days.
To calculate the growth and melting of the snow cover, temperature data are used. Precipitation, together with a negative air temperature, implies an addition of precipitation to the snow cover while a positive temperature starts the snowmelting process. The time step of the simulations is 5 min which is disaggregated data from the Kallax precipitation data and the field site temperature data. In the simplest form, the temperature-index method can be expressed as follows:
and T a ¼ air temperature (8C).
However, a modification of the temperature-index method was done (Bengtsson 1982; Hernebring 1996) , where consideration is given to the capability of the snow pack to retain water, i.e. the water retaining capacity (H 2 Ocap). The water retaining capacity was reported by the US Corps of Engineers (1956) to be approximately 4% by weight for "ripe" snow with an approximate density of 0.4-0.45 and 8% by weight for snow with an approximate density of 0.55-0.6.
The water retaining capacity of 8% by weight is used in the model. The snow storage is divided into two parts: a liquid part (SN lq ) and a frozen part (SN fr ). During thaw, the liquid part is first filled up until it reaches 8% of the frozen part. The runoff from the snow storage will not start until the melting has satisfied the liquid water fraction.
A description of refreezing of the snow storage is also included in the modification. The equation for refreezing comes from equations used for describing the freezing of lakes.
In the same manner as the snowmelt, the ice growth was calculated by a temperature-index method where the thickness of the ice h was calculated by the following formula:
where C fr is the refreezing constant and S is the number of The parameters used for calibration in the Excel spreadsheet are the water retaining capacity, the starting depth of the snow cover (i.e. the start depths of the liquid and frozen parts), the coefficients for melting and refreezing (C melt and C fr ) and the threshold melt temperature (T m ), which is used to compensate for such factors as closeness to buildings or other factors which will cause a change in temperature.
Total suspended-solids
The qualitative part of the model is based upon Svensson (1987) . The model consists of the accumulation of particles, described by a linear build-up function, and the wash-off of particles from the surface of the runoff plot. The wash-off of particles is described in the model by raindrop erosion,
Equations (1) and (2), and is separated into the transport of fine and coarse particles:
where QS ¼ mass transport of (fine or coarse) sediments (g/
), k fine ¼ porosity constant (fine particles) (dimensionless) and k coarse ¼ porosity constant (coarse particles) (dimensionless).
The fine particles are independent of particle diameter and will be transported according to Equation ( 
RESULTS
The climatological input data used for the calibration and the verification are shown in Figure 3 (Hernebring 1996) . discrepancies between measured and modelled loads of TSS can therefore be partly attributed to this. as a calibrating parameter (Hernebring 1996) . The initial 
Runoff calibration

Calibration of total suspended-solids transport
In MOUSE TRAP, the calibrating factors of fine TSS were the build-up rate (set to 7 kg/ha/d), the maximum value of TSS on the surface (set to 48 kg/ha) and the dry weather period (set to 10 d). The model of build-up and wash-off of fine particles at the runoff plot can be seen in Figure 7 . The reason why Figure 7 does not include the coarse particles is well. Also, the agreement between measured and modelled TSS subsequent to 17 April is also good (Figure 8(B) ). The conspicuous events where there is a large difference between measured and modelled TSS transport in the year 2000 are during 10 and 17 April (Figure 8(B) ). The rationale behind the lower modelled load of TSS during 10 April could be that the intensity of the runoff is not accurately modelled (Figure 8(A) ). This resulted in a lower overland flow that is not capable of transporting the large amount of coarse TSS accumulated towards the end of the melt period. (Figure 9(B) ). This demonstrates the importance of an accurate runoff volume to simulate the TSS correctly. It also shows that the model concept for the transport of TSS works better when the precipitation is falling as rain. The measured and modelled result for the transport of TSS during 2001 is discrepant at the beginning of the snowmelt because almost no runoff is produced in the model before 31 March due to the problems with the temperature-index method ( Figures. 9(A, B) ). For the same reason a large difference exists during 2 -3 April between the modelled and measured TSS transport. Shortly after (4-7 April) the model over-predicts both runoff and TSS transport because the modelled snowmelt started later than the measured melt. Therefore, larger snow storage is left to generate more 
CONCLUSIONS
The temperature-index method is inadequate to describe the snowmelt dynamics well for this small urban runoff plot.
The simulation of the build-up and transport of fine and coarse TSS should be improved during snowmelt conditions. Despite a simple model concept it was possible to describe the dynamics of road runoff and TSS rather well, based on the continuous course of events for the whole modelling period. However, if the model was used for simulating a snowmelt period, or single events during snowmelt, the model approach would be too simple.
